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A.  of  :\r  .'H;p  v  Ov  vTr.'iv. 


I.  suit ARy 


Tlj*  prediotnbillty  of  Rlrahip  Btnbllity  and  flyinu  oharaotarlatloi 
ia  'nl£;}\ly  dependent  upon  the  oonv-ributlon  of  th*  rotary 
aldeforoo,  pltoUlr^;  r.ofr.en-,  ai.d  ytiwlng  motions  ucr  17» '.IvoB ,  '.';i»eo 

aeriv*\tlv«(i|  alao  referred  to  na  the  danpiitg  ooef f iolentaf  aro  duo 
to  the  pltjhliii'  or  yawliiK  velocity  of  tho  utrahiD,  filnoo  rooont 
t')8ta  on  a  non-rigid  eirahlp  (referonoea  1  and  2;  indioatad  boka 
diaorepnncy  between  theaa  mBaaurod  velueo  and  thoae  values  used  in 
preoent  airahip  aQAlyaea«  a  United  teohnloal  review  and  anivlysis 
of  a  vail  alio  diita  on  rotary  derlvatlvec  for  alrihlpa  has  boon 
performed  und  a  modified  method  for  detsnoining  suoh  dsrlvniivos 
for  uss  in  predlstliig  tho  stability  and  flying  oharaotoristios  of 
airbhipB  Ib  prosontad.  Thla  atudy  haa  boon  performed  under  Uuroau 
of  hav&l  'iVeapono  Contract  NOw  60<^29o* 

fh#  only  r.odorn  toata  performed  to  obtain  airairJip  rotary  deriviktiTsa 
aro  reportod  in  Keferenoea  1  and  ?  and  were  oonduoted  in 
All  othor  teats  of  ajoh  a  nature  ware  oonudcted  in  the  appronisiste 
period  between  1915  <uid  1935*  There  were  four  exporlnental  mothods 
utilised  to  obtain  the  rotary  dor hf.lvos  for  alrnhlps  in  the  paet 
and  they  arei 

(1)  the  aerodyuamie  oueiUalor  in  a  wind  tuattel 

(2)  ourved  or  bowed  modelo  in  a  wind  tunnel 

ii)  models  roti-ted  on  a  whirling  arm  in  a  ourved  ohonnel 

(d)  full-seale  turning  trials  of  airships 

The  majority  of  test  data  oonoerning  rotsiry  derivativts  were  obtained 
with  the  aerodynonio  osolllator  and  primarily  by  Britieh  teste  on 
■Odell  of  rigid  eirshlpe  prior  to  1930.  There  ore  four  testa  utilising 
curved  nadoli  for  which  data  are  available  and  only  two  tests,  othar  than 
tho  reoor.t  tecta  of  Kefe.-vnoes  1  snu  2,  which  utillesd  tho  whirling  arm 
technique.  Sinoe  the  derivation  of  rotary  effeota  by  utilisation  of 
full-soale  alrahip  turning  Ixials  is  mainly  a  oorrelatlug  prooess  and 
not  on  experimental  r.eaaurscient  of  any  rotary  derivative  Itself  It  ie 
not  oa-.sidered  of  prime  importanoe  in  thie  atudy. 

In  r'eneral  the  oorrelation  and  oocq)Hriaon  of  all  the  available  test 
di’.ta  ie  not  considered  as  good  as  it  oould  be.  The  data  io  wry 
lirr.lled  in  its  aoope  as  to  the  effeote  of  various  parameters  (suoh 
ns  hull  finsnesB  ratio,  tall  siae,  and  tail  r.onont  arm)  on  the  rotary 
derlvp. tlvoB.  In  addition  mueh  of  the  data  for  similar  phraneters  show 
coi.sldnrable  eoutter  which  my  be  due  to  experimental  err  ore  or  inter- 
.)retation  of  the  data.  lAuring  this  study  it  beonne  apparent  thnt  all 
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of  tha  Tiirioiu  mobhode  hara  thalr  IbnlbHtlor.s  but  that  th* 
ourrad  mi>dal  or  whirling  ara  taita  ylald  tha  moat  rallabla  tad 
oonslstant  raaulta  and  data  obtaiaad  from  thaaa  taita  ara  aora 
rnvorod  than  tha  aaroi^namle  oaolllatar  axparlmaata,  Simoa  apprexl- 
mntaly  ^0  paroaat  of  tha  data  la  of  thla  latt«r  typa*  which  only 
proTidas  alraut  naaauracMnt  of  tha  da^pinf  moment  and  not  damping 
forcoat  It  iniTioaiataly  la  evident  that  Inauffioiant  raliabla  data 
of  much  olgnlfloanca  in  tha  acopa  of  tha  varioua  paranatara  ia 
avaiUbla  i'v  praaonting  a  ooaplataly  Juatifiabla  and  final  mathod 
for  pradlctlx'.g  tha  rotary  uarivutiTaa  for  airahlpa* 

Uowevor«  within  tiw  tlma  allotted  by  tha  prcaant  oontraot  an  analyaia 
of  bha  avallulla  data  iaiti  baan  parfcraiad  and  a  awana  of  fradiotisg 
tha  rotary  dariv&tlvaa  naa  baan  avolvad  for  anall  diaturbaneaa  CP 
for  mauauvart  whioh  uo  not  oxoaad  unglaa  of  attack  and  angular 
voloeitiaa  boyond  T.r.ioh  tha  rotary  dorivatlTaa  art  noa*llnaar,  Tha 
mothod  proaantad  la  baaad  on  tha  aaaucption  that  tha  ooatribution 
of  Uta  hull  and  tail  to  tha  rotary  affaota  oan  be  individually  added 
and  that  tha  effaeta  of  tha  oar  and  other  appMdhgaC  arw  tmnll  or 
iiugligible,  Ina  prodiotion  of  tbo  dorivativoa  ii  a  nixtura  of 
iheorotioai  and  ampiriiifil  conaidarationa  and  available  teat  data« 

iha  aignificunt  rotary  derivative  data  are  preaanted  in  Figurea  5i 
6|  and  7«  of  tnic  report,  A  eoMporiaon  ie  mde  In  the  report  of  the 
dlfferenoee  in  the  rotary  lift  and  pitehing  noneat  ai  predieted  by 
the  method  preaented  in  thie  rapert  and  at  aatiaated  ia  Referenee  22 
for  the  2d*0-7  airahip,  Thare  art  oignifioant  dlfferenoee  in  the 
rotary  lift  and  eapeolally  tha  nceiant.  The  ovaluutiou  point  out 
the  need  for  fiTthor  effort  to  bo  oxptndad  to  analyie  and  eorrolate 
oxiating  data  anci  tho  raciuirenant  for  aore  ayatenatie  e^rlnental 
data  in  ordar  to  oatabliah  tronda  in  tha  darivativaa  dua  to  tte  aany 
vuriabla  paramotera,  A  brief  diaouiaion  of  tho  typo  of  teati  raquirad 
la  given  in  tit' tion  Vi:  of  thia  rapert, 

.ha  r.othoa  prob^otad  in  thia  report  ie  balievad  to  ba  mora  rigopoua 
than  that  pruvioualy  utlliieo  for  modern  non-rigid  airihipa  but  with 
ajditional  o!.''ort  ano/er  aotiulaition  of  ooro  data  tho  aoouraey  eeuld 
bo  mvioh  anhbuoad. 
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Kt  a  raeult  ol’  any  l/ioldoatal  dl#turbanoe»  an  airihip  will  almjfi 
•xpariaiioe  a  ooursa  davlutloii  Invulvliig  aaoh  dagraa  of  fTMdeB  ia 
tho  plAiifl  of  th«  dlaturbanoo,  la  any  plaao*  tba  alrahlp  la  fTM  to 
tranalatf  bota  Mially  tranavarooly  anu  to  rotat*  about  a  aeml 
axis,  'i'ho  attack  angla  aat  up  by  tho  Initial  diaturbabOO  produoot  a 
nor.aiit  w.iiob  Inltiata*  au  aii|(ular  valooityt  wLlob  Inoraaooo  tho  attack 
anglo  further  and  which  ia  roaiatod  only  by  a  daa|>ing  noMOt  duo  to 
rcu  lion.  In  additiont  a  trauavorao  luroo  due  to  tho  attaok  anglo 
Which  la  aognwntou  by  a  oanping  loruo  duo  to  rotuviou  oauooa  a 
tranaforao  valoolty  whioh  roduooa  tho  attaok  aaglot  Alao  tho  roaultlag 
drag  Inuroaao  auo  to  both  tho  at'jkok  aiiglo  and  tho  rotatlos  roduooa 
tho  airvpoada  If  liio  airahlp  ia  oyiiamloally  atabloi  tho  OTtrall 
offaut  of  thoao  notiona  io  that  tho  attaok  aiiglo  it  roduood  to  t#0 
aoa  t';m  airahlp  Ukou  a  now  eourao  aheao  dlrootioB  makoa  an  aaglt  with 
tho  oriilhal  oourao«  KoetiliJiaar  dy&amio  atability  ii  dofiaod  aa  tbo 
quality  of  t)aa  airahlp  «hloh  oauaoa  tha  angular  valoolty  aad  atti^di 
iron  an  Initial  dioturbaneo  ol‘  tho  aotlun  of  tte  airahlp  to 
docrofttto  with  tiae  without  bosofit  of  oentrol  aaJuat«Mmt  and  with 
ralbtivoly  anall  ooiioaquast  oourat  doviatioo,  durvlltnoar  dynaalo 
lateral  aubiXlty  of  an  airahlp  la  dofinad  aa  tlio  quality  whleb  tauato 
fUt;ht  path  raaultijDg  iron  an  initial  dloturbaueo  to  approath 
atyg^tooially  a  eirolo  of  dofinlto  radiuo.  Cbly  rootllinoar  dynaade 
aubillty  ia  oonaidarau  in  thia  roport  ainoo  tho  ourylliMar  radiua 
approtaohod  aay^^totioally  oan  bo  inflnito  and  it  thua  I'ellowa  that 
routilinoar  Oynaalo  aubillty  alwaya  ioplioo  ourTllinoar  dyaanie 
HUkiility  aa  wollf  although  tbo  dogroa  or  anouat  of  atability  in  oaoh 
eaao  night  bo  dlfforont,  Tho  variouo  oonbltationo  of  airahlp  roeti- 
iinoar  and  ourrliinoar  ctability  and  inotafaility  aro  illuotratod 
brapikloaily  in  r  iguro  1,  ntaluation  of  tho  oritoria  fip  dyaanio  Bta« 
biiity,  thoroforot  involvwa  a  atudy  of  tha  noturo  and  origin  of  tho 
vuirping  forooi  and  nonanta  whloh  play  auoh  a  largo  part  in  dotoralnlng 
Uw  flying  qualitloa  of  an  airahlp. 

buliv,  autioally  uniuitblo*  tho  airahlp  oaanot  (without  bolag  atoorod) 
iiAintain  ita  original  iwadlng.  laatoad.  whoa  diaturbod^  it  will  tako 
a  ourvilinoar  path  in  tho  piano  ol  tho  dloturbanoo.  Za  faot,  all 
airship  notion  ia  to  sobo  dogroo  ourrliinoar,  FuitMrmoro,  tho  d/aanioa 
of  rotlon  ia  tha  sicploot  poaaiblo  whaa  tho  ourrliinoar  notion  io 
Btaadyi  i.o.,  ciroulr.r  llir.ht,  boitao.iUor.tlyf  a  atudy  of  dynaaieo  of 
airship  motiuD  nay  be  oonvoniently  raduood  to  a  study  of  tte  forooo 
and  mononta  and  tho  motions  oxporitaood  in  ourrliinoar  flight,  A 
olaar  physioal  pieturo  of  tho  dai^ing  forooo  and  nooianto  oan  bo  gainod 
by  oonaidoring  thoir  origin.  An  airahlp  flying  on  a  straight  oouroo 
with  an  attaok  angle  isirni  ;ht«pitoted  flight)  will  otevrionoo  tte 
fans  attaok  angle  at  oTory  point  along  tho  length  of  the  airohlp  in 
tho  sane  reforenoo  plane.  An  airohlp  flying  with  a  ralooity  (V)  in  a 
cirouler  path  of  radios  (P),  however,  has  an  angular  velocity  (&o  ■  X)« 
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i''ror;  th«  nature  of  the  motlori«  it  is  obvious  that  the  airship 
sjtpririenoes  a  oontinuous  ohaii’ia  In  tha  affeotiva  attack  an^la  along 
Ite  laoi’th,  Tho  diraotlon  of  potion  at  any  point  on  tha  airahip  a 
uiaUnoa  (  y  )  ait  of  dynanie  oantar  (b,C,)  nakae  an  angla  (tan*^ 
with  tha  uiraction  of  notion  at  tha  D,C«  In  oUiar  wordOi  polata 
on  tha  airship  aft  of  tha  1>.C,  axparianoa  lar^ar  attaok  anglai  while 
points  i'orwaru  oi  tha  D.C,  axparianoa  lenllar  attaok  anglaa  than  those 
axpsrianoad  a*:  tna  U.C,  Tnuat  the  dancing  foroaa  and  monents  nay  be 
ns  fined  raipactlvaly  as  tha  diffaranoas  batwean  the  foroes  and  mooeats 
sQtinfr  on  tha  airship  when  on  a  ourvad  oourse  and  the  forces  and 
p.o>nants  aotiiit'  on  tha  airship  whaa  on  a  straight  oourse  with  the 
Httaok  angle  at  the  b.C.  being  the  same  in  both  eaeee*  The  ratio  of 
the  forces  U  )  and  the  motnanis  (M)  due  to  a  snail  angular  volooif^ 

(  •')  to  tha  value  of  (  ..>)  whioh  produeea  then  are  eallad  the  rotary 
dorlvativasi  l,a«,  P  »(df  ,•  (  f  )  and  M  ^  M  *)  ■  (  M-  ')  . 

(O  Ad.  '.du)/*  Ui  Jm. 

iiowoveri  it  it  more  convenient  to  eipreas  these  retsry  derivatitM  in 

of  (.oi)>uli(>eriBio(:al  coafficianis  of  tha  type  (Cp  and  Cy  }• 

;  laA  *** 

That  is  I  K  ^  •  Cy^  V2  T  V  -  [Cf^^  f  jq  r'-* 

and  M  •  Cji  P/j  ?  ^ 
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111,  A.VgyTKAL  AKiJ  tffAL  MKTHOLfc  itOTAhY  UHkmTlVE  SVALUATION 

A,  AJULYi  ICAL 

Aocurat*  Apprelaal  and  •TRlufttlon  of  ftirahlp  flying  qualitiaa  1« 
clapaiidant  od  the  ability  to  prodiot  tho  Mgsltudo  of  rotary 
dorlTTitlvet,  The  inreetigation  of  thin  problem  hat  been  under- 
taken  by  wrloue  analytic  and  experimental  Doana*  iYoeent  day 
luuilytio  eetimatas  of  the  foroea  and  monente  reaulting  from 
rotary  notion  of  an  nirehlp  are  baaed  upon  the  aaeunption  that 
the  rotary,  effoota  oan  be  iredieted  by  aunring  up  the  oontribution 
of  onch  (xirahlp  conponont,  liarly  InTeati^-iatora  at  firet  thought 
chat  the  analyaia  of  alnple  potential  inTiaeid  floe  might  yield 
j  the  baa  la  Tor  the  doterniuation  of  the  oontributioiu<of  the  hull 

I  to  the  rotary  derive tlTtit  by  analytloally  deterninljng  the  aenel 

preeeure  dietrlbutiona  in  ea(id>lned  flem  ae  preiented  in 
referunoe  3«  Uowevert  on  integreting  theee  aenal  preeeure  foroee 
over  the  length  of  a  hull  or  body  of  raveXutiem  the  reeultest 
I  Itttaritl  ferae  and  are  aero.  Coneedua&tlyf  the  reeulti 

ot  the«e  theoreiioal  analytio  preoeourea  are  ueeful  only  wham 
'  "MninLng  the  aerodynanio  preesurea  in  aurrelltiear  f  light  which 

I  tnouF.h  not  the  porpoae  of  thle  report  do  repreeent  eae  of  the  moat 

I  atrUi,;.ent  oonditlone  whloh  ahould  be  oontanpleted  when  eetimetlng 

i^ie  itreaaea  to  be  oorried  by  the  aii'ihip  hull  or  envelepc* 

The  najer  effect  of  rotation  ie  to  eauee  an  ineraeee  in  the  etteek 
angle  ejqperienecd  by  the  tail  which  ia  theoretleelly  equal  to 

ThaUf  uaing  the  pertinent  etatio  aerodynanie  ehareoter- 
laVioa  of  the  empeanage  the  inorenental  lift  whioh  produoei  a 
ohange  in  the  total  lift  and/ur  pitehltig  •  omnt  rny  be  oaloulated. 
Tho  o:' foots  of  dtwowaah  on  the  enpetKage  produced  by  the  generetiee 
of  cirvolation  along  the  hull  ic  genorolly  iieClooted  ae  are  the 
e:'^eota  of  the  01  r^  the  uutrigi^erBf  the  propellera  end  other 
protub  "reiicea. 

The  preoediiif,  dltousaion  indiobtee  that  the  hull  contribution  to 
tha  rotary  lift  and  iKoeient  are  not  readily  eolvable  by  analytieal 
Tfi^.a  an.  toat  dhtOf  waiof.  doea  ahuw  a  hull  ooiitrlbutionf  muat  be 
rolled  jpon«  The  rotary  ooiitr lb Jtlon  of  tho  tail  doee  appear  to 
be  calculable, 

3.  S-Jt^IiaKTAL  MbTUOUb 


Several  e}q;>er imontal  teohniquee  have  been  dewieed  and  ueed  to 
rnoAsure  the  rotary  derlTatlvee  for  vehiolea  or  bodiea  moving  in 
a  fluid  medium.  The  meaaurement  of  airehip  rotary  derlvativea 
hitve  boon  perforawd  in  the  paet  by  three  r>'athoda«  the  whirling 
am,  the  aerodynainio  oaoillator*  and  by  ourrad  or  bewred  nodela. 


CONFIDENTIAL 


6 


GOOO/VtAR 

,:c:-  3J,  AiRCf^AfT 


10061 


CONFiDENTlAL 


In  addition,  ^heso  dorivatlvos  have  boen  deduced,  but  not  directly 
meRBurod,  dy  observations  r.nd  data  taken  .-Jurlng  full-soule  turning 
trials  oi  so.:®  aij-shipB ,  Cinoe  this  latter  rothod  is  not  a  direct 
neasiu'onent  of  the  rotary  effects  and  is  highly  dopendent  upon 
siripltfiod  e-iU' tions  of  notion  and  other  Irleas■ur^r  J  parameters  it  is 
not  utilised  i:  this  study  except  for  tovo  or  three  examples  for 
v;hlv;h  data  wore  readily  available, 

Kach  ry-rthod  utillsoc  to  dotorrnins  airship  rotary  effects  has  its 
Unit'. tions  and  pocslblo  inaccuracies,  A.  complete  evaluation  of  the 
theory'  and  applioetion  of  each  experimental  method  is  beyond  the  scope 
of  this  study  and  theroforo  only  a  briof  description  and  resume  of 
the  vt.ricus  r.ctliods  is  presented  Ir.  this  report, 

1,  Tho  Whirlii.r  .kr^ii 


Soma  of  the  earliest  attempts  to  me-asuro  tho  roti>ry  forces  and 
:  or  '.rA’r  of  M;  rirchip  wyre  mrido  by  the  Italians  on  a  device 
^o-.ov.’n  as  a  whir ll:n:  arm  i:.  which  a  scale  model  is  mounted  on 
the  'nd  of  a  radial  arm  whioh  Is  forced  to  turn  in  a  circular 
orbit  of  Vn'icr.vn  radius,  Tlic  theory  of  the  v'hirling  arm  i* 
relativnly  simple.  In  early  experiments  the  forces  and  moment* 
wore  first  measured  (either  by  diroct  measurement  or  intogration 
of  pressures)  with  tho  modol  mounted  on  tho  whirling  arm  of 
imov.’n  radius  and  rotated  in  steady  circular  notion  and  secondly 
tho  3ar,-!o  model,  if  possible,  vras  tested  in  a  conventional  wind 
t’un.  el  with  the  attack  angle  at  the  D,C,  beir  g  oqual  in  both 
oasos.  The  differonces  betv/een  the  two  moasuromonts  of  the 
forces  and  moments  a ro  thon  roprosenta tive  of  the  rotary  effect* 
of  the  co;.f  igurnticn  and  can  bo  expressed  by  the  provlouBly 
d'jfir.cd  non-dir.ens idnal  coefficients.  However,  particular  care 
must  bfi  exorcised  when  determinii.g  the  differences  between  the 
t-.vo  :  an:;  uremintn  ij.  or  ;er  th  t  local  vf.rictionjs  In  the  angle 
of  ;  t-  '  an  ,  ■-locit;;.-  uro  -C' ountud  for  in  tho  analysis.  In 
tho  v/hlrlii;,;  -..rn  c/rp /rlrKants  reported  ii;  Puforoncos  1  and  2  a 
cif :  .(rsi't  approach  v.-as  utilirod  biisod  on  ;.iOrci  modern  techniyuB* , 
The  wriirling  arm  was  employed  to  obtain  both  the  static  and 
rot-iry  effects  of  the  ulrship  configurations  ,  This  concept 
cor,sists  zf  testing  the  .iwdel  nounte'’  at  various  radi*’!  d^'^tanocc 
froTi  the  center  of  tnu  ’..Ivirlii.g  ’-rm  w..io};  essentially  i* 

-  ■gn  ■  t  .iv  .,f  :  yno  jvsri;  .  j.i  nt  for  u  range  of  turning 
radii  and  angular  velocities,  Uata  obtained  in  this  manner  wa* 
linearly  Intorpolatec  to  zero  turning  radio*  or  angular  velocity 
for  de tormina tion  cf  the  static  dorivntives,  and  tho  rotary  lift 
and  mo'-ieni  slope  at  or  near  zero  angular  ’/elocity  could  be 
obt- ined  by  plotting  the  data  against  the  non-uimor,6 ionalized 
a/vyul'  r  volocity.  This  menhod  which  eliminates  tho  need  for 
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debormirinj^  tne  etniic  derivatives  fV'-'R  tests  in  R  ^onve*.uion&l 
v-ij.u  tuaiiel  /.iiioh  could  result  in  differences  duo  to  turbulence, 
:;cyi:oldB  aumber,  taro  corrootions  and  other  such  effects  appears 
to'^ba  more  reliable  than  the  early  tests  whioh  were  usually 
eo».uuctQc  with  one  rodel  location  on  the  radial  arm  ^,i,e«  on® 
value  of  tiu’ning  rudius  und  axu^ular  velocity}* 

iio '  over,  the  whirlint^  arm  technique  for  obtaining  rotary  (or 
stutio  derivatives)  is  subject  to  inaccuracies  iniwrent  in 
the  system,  as  in  any  systein,  which  may  or  may  not  be  corrected 
for  ir.  the  data  obtainau.  One  of  the  major  difficulties  in  the 
whirling  arm  taoimique  is  the  fact  that  the  model  is  rotated 
thru  its  own  wake  and  the  velocity  and  flow  over  tlio  model  is 
dictorted  until  the  patterns  are  quite  uncertain  and  are  not 
repraaeutativo  of  free—stream  circular  flight*  This  together 
with  the  difficulties  in  oorreoting  for  the  centrifugal  effects 
on  the  ,-'odel,  its  balance  system  and  instrumentation  introduces 
errors  v<hirh  may  be  quite  large  when  oompared  with  the 
viuantinies  being  measured, 

T i lO  ^xerocynami c  Oscillator 

Tno  principle  oj'  the  ^ierodyruinic  oscillator  is  well  iaiown  and 
utiod  oxtcruiively  ir.  the  experir.ontal  determination  of  airplane 
rotJiry  or  danvii*S  effects.  In  tills  system  a  model  is  allcwred 
to  oscillate  about  an  axis  thru  its  center  of  nAss  by  a  device 
.;nioh  supports  tho  model  at  a  (;ivon  attitude  in  a  oonventional 
w-;  lid  t  uccl  '.ind  allov/s  only  ono  degroo  of  freedom  with  a  motion 
v'l.icli  i.j  ol'i ttior.1.1;/  roi^toring,  hith  tho  model  artificially 
c'ji'loct'jd  and  loft  a  >  .:ccilj.ato  tiio  tunr.ol  on,  tho  rate 

iocay  of  tno  ■  :.plitudo  io  ripasui-ou,  Tho  theory 

.c.dorl^  ..ng  '"'’-c  ■.-•val.’. •tlv.n  of  tluj  oxpyrir.out  astamaB  tliat  the 
acrodj  :.o;.o;.v  ni- .  on  -  cor.  01  .oi.t  which  is  proportional  to 

iho  1. 1  .'iGl  '’.nglo  (  a)  ''.nd  tho  square  of  the  tpo^d  (v),  v/hereas 
tho  otikr:-  ic  .roportio  .si  t-c  tho  product  of  the  angular  velocity 
rof;  -.0!.  (''jJ  j  i-.'.id  th'j  opood  itsolfj  while  the  whole  must 
o..a:i  th-;  r.orr.ont  of  inertia  (l)  timos  tho  Bicgular  acceleration 
La  ;  or.-  th.}  .;ic-t.ton  i  rn-ii' '  -•'O-ior.t  (/i..)  of  the  appf.ratus.  In 
Cil  i  .i.r  *  coef :  icier.tf.,  t.iis  c  a.  bo  ejcpreccoa  aSi 
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Then,  by  opeerving  the  logarithmic  decremaont  j^i,  we  may  solve  for 
Cy>  by  the  expression 

(  V 


Ifc  may  be  detarrainod  by  a  repeat  experiaent  wherein  the  model  le 

oscillated  with  zero  wind  tunnel  velocity.  In  addition  the  rotary 
effects  of  the  apparatus  uaually  must  be  determined  and  subtracted 
as  a  tare  value  by  oscillating  the  apparatus  alone  at  the  eaiae  tunnel 
velocities.  As  the  model  is  restrained  to  one  degree  of  freedom  the 
rotary  force  ooefficlents  and  CX^)  can  not  be  measured  and  this 

constitutes  a  major  shortcoming  of  the  method.  There  are  basic  aero¬ 
dynamic  errors  associated  with  the  oscillation  method  of  determing 
the  rotary  moment  coefficients.  The  first  stsos  from  the  definition 
of  a  rotary  mostent  as  the  momsnt  duo  to  rate  of  rotation  (<t))  with 
the  attack  angle  (a)  remaining  constant.  In  the  oscillation  experi¬ 
ments  however,  (a)  does  not  remain  constant.  In  fact  •  CU  • 

Consequently  the  rotary  moment  coefficient  is  proportional  to  the 
logarlthsde  decrement  only  so  long  as  it  does  not  depend  on  the  attBOlc 
angle.  A  Second  error  arises  from  the  cyclic  variation  of  the  angu¬ 
lar  accrleration.  These  variations  intnoduce  accelerations  in  the 
airstroam  which  has  the  effect  of  a  vaxd.able  additional  moment  of  in¬ 
ertia.  As  a  result  of  these  errors,  the  oscillation  method  can  yield 
eatiefactory  rotary  derivative  valuee  only  when  the  model  oeciUatee  slow¬ 
ly  and  with  small  amplitudes  about  the  ssro  attack  angle.  Other  poss¬ 
ible  sources  of  error  stem  from  a  possible  time  lag  in  the  tail  eon^ 
tribution,  and  as  noted  In  recent  airplane  tests  the  possibility  (as 
noted  above)  of  variations  in  the  magnitudes  of  the  rotary  effects 
with  the  frequency  of  the  oscillation.  It  is  also  to  be  understood 
that  this  rotary  moment  determined  from  the  oscillator  includes  the 
effects  of  C)b  which  accounts  for  time-lag  effect  of  pressureedue 
to  sudden  attack  angle  changes  which  in  the  cess  of  a  bare  hull  siey 
be  maall  or  negligible  but  the  tail  oontflbutlOii  to  Olf±  is  the  pr»- 
vously  noted  time  'i*g  in  taJ*)  contribution  or  downwash  Tag  might 
be  eignificant.  In  the  present  analysi*  <io  att^pt  is  made  tc  sepaiF- 
ate  Cm/  ■did  and  it  is  assumed  that  the  effects  of  C}^  are  negli¬ 

gible  of  that  they  are  included  in  the  total  derivative. 


3.  Ciarved  or  Bowed  Modal  Teohnioues 

The  measurement  of  aerodynamic  pai'ameters  in  curvilinear  flight  by 
the  method  of  curved  or  bowed  models  in  a  conventional  wind  tunnel 
was  independently  deirivod  by  several  people  during  the  late  1920*8  and 
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early  1930*8.  iiefbrence  L,  presents  some  of  the  data  obtained  in 
Germany  from  an  e^eriment  on  a  l/75“*cale  curved  model  of  the  LZ- 
L36  airship  (U.c3S.  Los  Angeles) «  HeferenceB  5  and  6  derive  the 
theory  of  curved  models  and  present  the  results  of  an  ejtperiment 
conduct«jd  on  l/64.64“Scalo  nodels  of  the  non-rigid  V-2  airship. 

Another  derivation  of  the  bowed  model  theory  is  given  in  .loferenco  7 
along  '.ith  data  obt,\lned  on  tvrt>  curved  models  of  the  "Shenantloah" 
rigid  airship. 

The  derivation  of  the  th-ior/  and  equations  for  bowed  models  is  ade- 
r.uately  reported  in  the  above  references  and  -will  not  be  repeated 
in  this  report.  In  resume,  however,  the  followi.ng  discussion  is 
presented.  The  element..!  or  zonal  forces  experienced  by  an  airship 
in  curvilinear  flight  are  dependant  on  the  loc;il  attack  angles,  the 
local  surface  areas,  and  the  local  velocities.  The  continuous 
change  in  the  local  attack  angles  and  velocities  experienced  along 
the  length  of  an  airship  in  curved  flight  may  be  slmuDAted  by  the 
use  of  a  curved  or  "bov^d”  model  held  in  a  straight  airstreaa*  The 
two  conditions  which  define  the  equation  of  the  bowed  axis  are  the 
cor.forwcl  transformation  of  all  the  local  attack  angles  and  the  oon- 
servucion  of  all  the  local  axial  lengths. 

As  derived  in  References  5  and  7  the  resultant  equation  for  the  bow¬ 
ed  axis  of  an  airship  represents  a  hyperbolic  curve.  However,  Ref¬ 
erence  8  reports  the  test  results  of  a  model  airship  constructed  with 
a  circular  arc  as  the  axis  and  Reference  9  states  that  the  differenoe 
in  the  model  ordinates  involved  would  have  been  smaller  than  tke 
tolerances  which  would  be  obtainable  during  manufacture.  The  use  of 
a  circular  arc  model  would  allow  possible  savings  in  construction 
ootts  and  time. 

In  order  to  obtain  accurate  similitude  between  the  curved  model  tests 
and  actual  curvilinear  flight  thelooal  Velocity  variations  must  be 
duplicated.  The  local  v-locities  experienced  by  an  ai3.*ship  in  eiJP- 
cular  turning  are  pro}x>rtional  to  the  path  r«diuo  of  the  aurfaoe  ale- 
mento  The  stem,  of  course,  swings  on  a  larger  radius  than  the  bow 
and  is  thus  exposed  to  higher  velooities,  ConsequentJy,  a  suitable 
linear  velocity  gradient  should  be  imposed  across  the  tUTinel  although 
ao;ae  iiivastigationo  indicate  only  small  diffemnoes  in  some  of  the 
rotary  effects  -/dLth  and  without  velocity  gradients.  Now,  similar  to 
the  whirling  arm  experiment  the  forces  and  fflomsnts  measured  on  the  bowed 
model  must  be  subtracted  from  the  forces  and  moments  on  a  straight 
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intxiel  with  th«  sane  attack  angle  at  the  dynanic  center  to  obtain 
tha  rotary  forces  and  rramcnts  froa  which  the  non-dinenslonal  co- 
sffici.-jnts  nay  be  calcu'stad„  . 

However,  the  analogy  between  the  cuinred  model  and  circular  flight 
is  some , -hat  strained  in  cone  respects.  On  the  model,  the  lengths 
of  th'r  surfaces  are  slightly  different  on  the  t^^o  sides  and  consfr- 
nuer.tly  the  local  velocities  -.■All  havo  slightly  different  cp.gnitudas, 
PurtheriTiore,  in  curved  flight,  the  air  In  the  bo’.mdary  layer  is  sub¬ 
jected  to  centrifugal  forces  not  imposed  on  the  curved  model.  The 
error  .  introfluced  by  th  se  dissimilarities,  however,  have  boon  proven 
'y  O/S’erinent  to  br  small  and  therefore  probably  negligible, 

Anoth.r  sourc-'  of  yo "oiblo  error  or  discrepancies  ’.Thich  might  be 
raer.ti  ; ::-<i  is  the  effect  of  the  netting  or  screens,  used  to  obtain  th© 
(le.'Jirtjd  V')lo;;ity  gnidient, on  the  turbulence  of  the  flowo  This,  how¬ 
ever,  ic  probably'  small  and  the  values  can  probably.’  be  adjustod  for 
tills  discrepancy,  Gome  investigators  have  objected  to  th©  curved 
model  experinents  on  tin,'  ba:  is  thnt  a  separate  curved  moiel  must  be 
uoilt  for  each  tur.'dng  radius  or  an;ulevr  velocity  to  ba  Invautigated, 
Hov/eVer,  both  '/ourjienko  (tCeference  6)  and  bmlth  (Reference  7)  have 
stated  aiiat  their  ciilculations  and  tests  have  proven  that  this  i»  not 
necessary  and  that  one  curved  laodel  is  sufficient.  However,  sine© 
some  coubt  still  exists  as  to  the  validity  of  some  a8sunB:)tions  used 
in  the  Heferonce  6  arguments  <ind  since  the  Reference  7  conclusion  is 
based  on  only  t'^yo  models  of  different  curvature  the  writer  feels  that 
•withLn  aha  acope  of  this  study  a  def irate  conclusion  cannot  be  reach¬ 
ed  on  u;ift  use  of  one  curved  .iiodel  to  obtain  the  comjilute  range  of 
the  rotary  derivatives  for  oil  vari -blea  involved,  although  It  appears 
very  ,'Jossibl9, 

k.  Comparative  Reliaoailty  and  Accuracy  of  uhe  Various  Sxperimental 
Motnods 


This  i  noo  a  di  'rn.;'.iiu!.  iui  l  co.r.pirisor;  of  actual  data  but  only  a 
brief  1  is  ji'tat ion  of  the  iTinthods  wiiicli  -iOj.ear  Oo  be  most  o-ouLaiiy 
for  th  accurit''  deterrr.tn itio:;  of  rotary  derivativee.  The  nLiny  er¬ 
rors  aii  •  roru’eoti  ns  wiiich  uu’  iiiherent  or  ;mi  t,  lu-T  de  to  damping 
data  obt  .!  n-'d  by  th*  r- -n;. mi c  oscillator  aJ-ong  wdtli  its  inability 
.0  iirasMy  r.-aanr  -  th  rotai'y  i'orces  indicates  the  need  for  a  better 
method  -.r  far  a:-;  alrrshi:  ri),Tiamicr.  are  crrtJerned,  It  is  possible  that 
•/ith.  eo;;i,  Xi  ':- ,  an  ;  -lov  incod  tecl’jviquos  this  r  ’thod  might  yield 

Vaises  jf  ths  rotarv  vithi?  acceotable  aowuracisn  .although  J;he 
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tos^  of  an  airship  mode]  or.  pronent  oscillators  would  requil'C  aodol 
si  -.es  rosulti;vj  in  v-jr/  low  ncro  \'narrdc  loads  vrhich  '.Tould  furtlier.  , 
reduc"  ths  probablo  ao'.irnci'is. 


rho  whirlin;  arm  t  -chnique  as  iitt '.iz'?:';  i;i  lofercncsn  1  and  2  appears 
to  Vo  ■'•.n-'b  bo'.t-n’  'nun  ol  !  durl:.;.  ;  arm  tssts  and  much  mor-;  useful 
•.rv!  .^enurat  ‘  thiTi  tho  ro  i.r-a'-dr  oscLll^tor,  How.r.'ur,  tho  .Inhorunt 
dif  Tic ul  tics  I  ■'.'  ra  V;:  ;d  bp  rotatin'  the  mod  el  in  its  o\m  Wcalnj,  ;il- 
thoi'h  rot  insurno'xntabl-*  still  rem.ins  a  major  problem,  ilofcrenco  2 
statoii  that  thi  ^  '•rfect  is  mi.l  lvrf  duo  to  tho  to:it  velocity  utiliz- 
Gc]  al thou  3b  nn  :  roof  i nrosontui  th'>t  the  mini.uized  effects  are  neg- 
liqihlo.  Tile  rontrifu'.al  correctio.is  req^iired  for  ./hirlin^q  arm  tests, 
espooiall;/’  wlier"  projs  ro  mij.i.'-:ure*'.ont3  are  desire:!,  also  offer  diffi- 
niti-'s  in  data  rad-’c'lor  or  lntarprot-..tion  not  fo’.utd  in  the  othor 
t;/po3  0:'  o:<po;'i-nentl  met.-io.ds. 

ae  toe '-.ni quo  oT  the  bowed  or  curved  modi  to  obtain  airship  rotary 
effect.;  a])pe'i;’»  to  bi,'  the  :x>3t  promisiaq  with  regard  to  the  reliabil¬ 
ity  and  arcur.-.cy  of  tne  data.  The  mod-el  (or  models)  can  bo  tested  in 
conventi -inrl  alr.c;  tonnelu  without  now  or  specialized  Botidpment  or  de¬ 
vices  j-Ln,",  re  juire<‘'.  Oorrections  to  the  data  due  to  test  conditions 
are  essentially  the  sa-tie  as  used  in  :dl  wind  tunnel  tests,  for  which 
an  ft>;tre.Tely  largo  amount  of  data  ie  now  availablo.  The  only  extra 
item  Lh.ut  midht  be  co;.sidered  is  the  effect  of  the  curvature  on  any 
tunriel  correctiouu  .;inco  nt  anjlru  of  attuck  one  end  of  the  model 

woul’.  bt  .v.uch  closer  ts:«  th-;  tunnel  wall  th.un  the  other  end.  If  a 
seriot  .jf  testr;  or  further  si.tidies  c.m  ''ully  support  tho  contentions 
that  on.'  c'orvyd  raodel  c'-n  be  employ-^  to  investirate  the  varl.ition  of 
tho  rotary  dorivativee  'dth  -ill  its  vari-nble  parameters  the  major  ob¬ 
jection  ’.o  ti'.v  'XJwed  model  technique,  namely  the  cost  and  time  involve 
ed  in  constructin',  and  testing  mo^iels  of  varying  curvature,  would  b« 
renovwJ.  It  is  true,  of  course,  thdt  oven  if  only  one  curved  model  is 
nece3s..ry  it  .vill  cost  sli.phtly  more  to  'design  and  build  conjrared  to 
a  str-ii  ;ht  mo.jol  which  in  .additior.,  shojld  be  built  and  tested  at  the 
i-i  im.,  t.,  „  ;.e.  ;r,  ul]  t./pes  of  lir  .;ii  :nu!el  testing,  and  especially 

df  bo  V ',*<.!  :io'’p1  t«c;’.ni  iU:?,  di.:  iccur;icp'  of  the  liat.i  i.-'i  oi  t(jn  dependent 
t!i‘  -iiTf 'I' 'oc  ■;«  b'Ct'rt'eo-i  urn  f.  .1  measure'!  nmnbcrj,  so  ir:  the  testing 
oP  ii  cijn/''d 

*he  e  iHr';  i-.'j 
f*  .%  . 
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triil  pd  t b.if.u  •,'?  the  su-.e  scale  and  t  'Sted  in 
"  •  ■  .'-.ly  i  ;ort:nt  \r  reduce  ;:11  cxtra.'ioous  offocte 
,  ■  Ip-nen'  ,  .nd  'cl  scales. 


In  coi;  '!  .'iui  ,  it  ■,]  »w.-.  i.ii't  --.i  t  i  ■  oiurn  whirlin.'  .irm  tec'u'.iquc 

or.;.]  ii;  ...e r"i:C  r  I  'inu  f  •  t;i'  :  of  curved  .’sode]  .s  utiliz^ 

and  r'’(jorte<.l  ir;  I'.efer'inccs  5,  7  and  c  offer  tho  best  method  for  ex¬ 

periment  -lly  determ'lnj.ng  the  airship  rotary  derivatives. 
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The  three  methods  which  have  been  used  to  experimentally  deter¬ 
mine  the  rotary  derivativee  of  an  airship  are  the  aerodynamic 
oscillator,  the  whirling  arm,  and  curved  or  bowed  mociels.  The 
majority  of  available  published  data  has  been  obtained  by  tests 
with  the  aerodynamic  oscillator  with  a  very  limited  amount  of 
data  available  from  whirling  arm  and  curved  model  tests.  Un¬ 
fortunately,  practically  all  model  measurements  of  airship  ro¬ 
tary  derivatives  wore  conducted  during  the  period  between  1920 
and  1935  without  the  benefit  of  modern  techniques  and  equipment 
to  improve  the  data  accxoracy  and  standards  of  nomenclature  awH 
methods.  It  is  also  noted  that  all  of  the  avidlable  airship 
rotary  test  data  (except  one  test)  obtained  by  the  oscillation 
technique  were  derived  from  Bxltish  Reports  and  Memorandums 
pxiblished  in  the  period  between  1916  ajnd  1926  and  were  almost 
exclusively  for  rigid  airships  with  fineness  raUos  between  six 
and  ten.  During  this  period  many  of  the  investigators  utilised 
varying  methods  of  presenting  their  observed  or  derived  values 
for  the  damping  moment  coefficient  with  often  little  or  no  coi>- 
clse  explanation  of  the  varying  terminology  and  dimensions  ir>- 
VDlved,  In  addition,  many  of  the  investigations  perfonaod  with 
all  three  techniques  consisted  of  tests  of  complete  models  with 
the  consequent  loss  of  direct  measurement  of  individual  hull 
and  tall  contributions# 

Although  a  search  for  rotary  derivative  Information  for  airships 
resulted  in  numerous  reports  and  data  which  were  available  to 
the  contractor,  the  large  variance  in  the  magnitude  of  the  re¬ 
ported  or  derived  rotary  derivatives  indicated  the  need  for  a 
more  thorough  evaluation  of  these  values.  About  tan  (lO)  years 
ago  Goodyear  Aircraft  personnel  initiated  a  preliminary  corre¬ 
lation  of  available  airship  rotary  derivative  informatibn  and 
some  data  have  been  gleaned  from  these  efforts.  However,  since 
only  one  oi  plots  of  tho?9  '^"ta  or  '•orrelatinA  naram^tere 
are  available  without  detailed  calculations  or  explanations  of 
the  method  and  values  used  this  data  is  only  utilized  when  ab¬ 
solutely  necessary. 

Therefore,  since  much  of  the  available  data  showed  much  scatter 
and  some  doubt  existed  as  to  its  applicability,  a  complete  re- 
evaluation  of  the  data  given  in  the  various  reports,  including 
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iiaferences  1  and  2,  was  initiated.  One  of  the  basic  reasons  for 
this  Tf— ovaluKtion  was  the  form  in  v-^hich  many  of  the  rotary  deri¬ 
vatives  have  been  expressed.  For  exan^le,  the  rotary  lift,  slope 
has  been  expressed  as  a  numerical  value  over  the  velocity  (i.e# 

Cl  •  100/v)  with  a  dirneniiional  value  of  the  slope  per  rad/seCo 
Thia  is  not  a  rori-dimensional  form  £.nd  is  not  conolstant  with  pres¬ 
ent  aerodynamic  practice  and  nomenclatureo  In  all  recent  airship 
stability  analyses  this  form  has  been  non-dlaenaionHlized  by  multi¬ 
plying  the  Value  by  (V/V  1/3)  of  the  full-scale  air.ship  being  analyzed. 
That  this  relationship  ir.  apparently  correct  can  be  shown  as  follows. 
The  lift  of  an  airrhlr  due  to  its  pitching  velocity  (rotary  lift) 
can  bft  expressed  in  familiar  and  normal  airship  notation  consistent 
with  standard  enj^lneeri  n/;  practices  ast 


TJTT  -  Cl.  .  p/2  V  (VoDOJ 


where : 


■  lift  due  to  pitching  velocity,  — — 
-  pitching  velocity,  rad/sec 


■  rotary  lift  slope,  per  radian 

p  -  density  of  air,  lb  sec^/ft^ 

V  -  free  stream  velocity,  ft/soc 

Vol  “  ¥  -  voliuiie  of  h’oll  or  envelope,  ft^ 

Notei  loncrally  the  pitching  velocity  is  given  by  q,  but  since 
the  dynamic  pressiure  (also  denoted  by  q)  is  introduced 
later,  (o  ia  substituted  at  this  time. 

Since  the  standard  method  of  non- llmensionali zing  airifhip  static 
aenxiynaiaic  lift  is  by  Uie  volume  to  the  two-thirds  power  and  the 
dynamic  pressure  it  apparent  that  the  following  equality  exista 
for  the  above  aquation. 
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Cl  p/2  V  w  OLi  -  Cl. 
(jO  t 


p/2  (^)  C¥^^^)Cl) 


Therefore: 


: 

VTJtJ/ 


(jU  m 


■  -ui/3  -  ■'; 


„  2/3 

fj  -V-  CD 


/  'Jl  N  '  2/3 

1  — ^  CD  -  Ct  UJ 

\  a uj/  ii... 


where ; 


,  ^  1/3  X 

and  ha3  dimensional  urlts  of  per  radian/sec. 


There fore I 


*  (^)  ■  CL^ 


Similarly  the  rotary  mo’,ent  can  oe  expressed  as: 


Gw  /  V  \  -  Cu 

\j  -riF! ;  "c 


Identical  r-lationa  jiluo  exist  for  the  rotary  sidoforce  coefficient 
(CYj.)  -nd  ya  vin  :  rao:  ,ent  (Cm-)  •  Thoje  tlien  have  been  the  generally 
»n;ooj/,c;.l  of  v.x.>nv  rtii;,'  i’otiU’y  doA-ivitives  e:<pro33ed  as  a 

mjn‘ric;l  v-^lue  ovijr  V  j  :'.t<3  a  norr-fiimensional  rotary  derivativoo 
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How^ovijr,  3ome  of  the  analyses  made  for  thi*  report  indicate  that  If 
the  inofiol  rot  ir  -  dat .  is  expressed  as  a  nunbor  diyidod  by  V  it  1» 
not  'lireGtly  anylic  dole  to  other  full-scale  .airships  unless  it  is 
first  co;r'/<2rted  to  ,the  con;  lotely  non-dLieffisional  form  by  use  of  the 
original  model  or  bar-in-^  t’lis  by  some  other  model  scale 

factor  -.Yh'-ch  ri/’ht  b  »  determined.  Therefore  in  the  present  analysis 
<all  rotarj,'  deriVitivea  ara  presented  in,  or  have  been  converted  to, 
the  ro  rletoly  nT>-.-‘t-n.>n3i.'';ial-.r.lope  form  from  original  data  v/hen- 
eTor  Gufficient  dTta  Cron  th  ?  particular  report  w-^re  re". 'lly  avail- 
able. 

After  conaideraale  effort  had  b(3er.  expended  in  the  .attempt  to  r^- 
eveljite  all  the  old  reported  data  it  became  orldent  that  the  magni¬ 
tude  of  the  ta:jk  (due  in  p.art  to  the  lack  of  readily  aval3.able  di- 
mensic;i.'l  data)  could  not  bo  acromplishod  vnLthin  tho  scope  of  the 
Resent  contractur'LL  study,  Howdror  .sufficiont  data  hao  boon  obtain^ 
ed  to  cho*v  9om«)  trends  .and  to  determine  some  correlating  periUBiters* 

The  majority  of  the  rot.ary  derivatives  obt.ilnod  by  the  amrodynanlc 
o3cilL.'.or  method  .arc  obtdned  fro-m  data  presented  in  Reference  10 
tluTough  17.  The  results  of  whirling  arm  experiments  are  derived 
from  data  giv-n  in  References  1,  IP  and  19,  The  test  data  of 
curved  or  bowod  modolu  is  given  in  References  4,  6,  7,  8  and  9. 
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Bo  DISCU3SICK  and  PRKSafTATlQN  OF  DATA 


1.  Hull  Rotary  Effects 

a.  Lift  Due  to  Pltchiat  or  Yawing  Velocity 

The  effect  of  hull  fineness  ratio  on  the  rotary  lift  and 
Boment  due  to  the  hull  alone  is  given  in  Pigure  5  and  includes 
all  airship  data  which  is  available  for  the  bare  hull  config¬ 
uration.  It  should  be  noted  that  bare  hull  (or  hull  alone) 
data  in  the  case  of  rigid  airships  often  refers  to  the  hull 
with  the  keel  car  attached.  However,  although  this  altars  the 
hull  shape  somewhat  it  is  felt  that  the  effect  would  probably 
be  small  anti  negligible.  It  can  be  seen  from  Figure  5  that 
inaafflcient  data  exists  for  the  hu3,l  rotary  lift  or  sldo- 
force  to  corapletely  define  its  most  probable  value  and  vari¬ 
ation  -.dth  fineness  ratio*  This  is  due  to  the  fact  that  the 
oscillation  techninue  (which  amounts  to  approximately  705<  of 
all  our  available  data)  only  yields  the  rotary  moment  effect. 

In  recent  airship  estimates  it  has  generally  bean  assumed  that 
the  rotary  lift  and  side  fores  slopes  are  negligible  or  in¬ 
cluded  in  other  estimates  of  lift  slope*  It  is  evident  how¬ 
ever  that  the  Value  ahoald  be  estimated  to  have  a  value  of 
about  .15/rad  to  ,2C/rrid  for  l/b  ratios  between  k  and  6  and 
might  oa  represented  by  the  line  shown  in  Figure  5»  It 
appears  feasible  that  the  rotary  lift  or  side  force  might 
have  a  definite  variation  or  increase  with  fineness  ratio* 

The  rotary  lift  coefficient  for  the  curved  modal  of  the  V-2 
non-rigid  airslilp  (.lef,  6)  is  much  higher  and  does  not  appear 
consistent  with  the  other  data,  meager  though  it  may  ba« 

This  data  point  was  evaluated  from  data  obtained  with  the 
model  at  approximately  9*  angle  of^attaok^ of Hihe  6. which  — 
corresponded  to  the  attack  angle  at  the  C*B.  for  which  the 
modal  was  bowed*  This  ia  the  proper  angle  at  >d}ich  to  evaluate 
the  data  since  then  the  nose  would  be  at  zero  ai^le  of  attack 
n?  ’J8".::lly  rog-rded  i:;  :urvllinaar  saLio**  with  increasing 
attack  angle  as  one  would  move  aft  towards  the  tail*  However, 
evaluation  of  the  data  at  acs  "  0*  yields  a  Cj^  value  of  ap¬ 
proximately  .16  -which  is  more  in  line  with  othe?  plotted  data 
ill  Figure  5o  This  again  reverts  to  the  old  controversy  as  to 
what  attack  angle  should  be  used  >dien  evaluating  curved  model 
and  whirling  arm  tests,  or  is  the  data  valid  for  all  attack- 
angles.  This  question  could  not  be  resolved  within  the  scope 
of  the  present  analysis  and  therefore  the  -value  deteinained  at 
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slio  .Ti  in  Fl  jvirft  5i>  Until  a'idltion-J.  tost  data 
become?  av  iiiabl'j  it  ap.  ear.5  th  it  the  faired  line  in  Figure  5 
represents  th'"-  bent  valno  to  use  for  the  lift  or  sideforco  due 
to  pit-ching  or  yawing  velocity. 

b.  ^foment  Due  to  Pitching  or  Ya><ing  Velocity 

The  rotary  moment  data  of  Figure  5  shows  considerable  scatter 
and  diffarer.ooo  for  hulls  of  approximately  the  same  fineness 
ratio  and  even  the  saroe  hull  tested  in  both  pitch  and  yavo  Par¬ 
ticular  attenti'^n  i  »  brought  to  the  difference  in  Gnu  sitd  Ci^ 
for  the  H-T.2  airshir-  hull  (;ief.  lO).  The  value  of  Cn-  is  almost 
3  tines  the  value  of  Gjn^  and  this  is  belioved  due  to  the  lar^a 
triangular  koel  w'nich  was  p.'.rt  of  the  bare  hull  modolo  Attention 
is  also  diescte-.i  ‘/5  the  data  obtained  from  the  recent  whirling  ana 
test-  perform<jd  at  otevens  Institute  of  Technology  and  reported  in 
iaferences  1  and  r.  In  the  firert  place  the  value  of  Cm-  3^  is 
given  In  Uofor-snou  1  ;  positive  value  wliich  is  contrary  to  all 

other  -lir ship  hull  data.  Therefore  the  sign  only  was  arbitrarily 
changed  to  neg  itlvo  al -houg'i  it  is  recogniood  that  the  error  (if 
any)  in  uijn  m<-iy  huve  originated  whore  it  '.•rould  also  change  the 
numerical  value.  This  is  supported  somewhat  by  tho  C^j,  value 
which  is  negittivc  and  nuaerically  much  lower  but  which  appears  too 
low  bas-3<i  on  other  data,  Mnother  disputed  point  is  tJVit  shown  for 
the  whirliryj  arm  tests  m  a  modal  of  the  "Akron"  airship  (ileference 
19).  Thin  value  was  determine:  at  ■  0*  ,  The  Cnj.  at  'S  10* , 
\diich  is  tho  angle  of  attack  corresponding  to  the  whirling  ana 
radius  uued,  i»  up;  ro  lmatoly  -.14  and  shows  better  agreooont  \4th 
othe;'  data. 

In  an  attempt  to  obtain  eome  modern  rotary  derivative  information 
from  airplanes,  a  report  of  tests  conducted  in  the  curvet:  wind 
tunnel  at  NASA  Langley  Field,  Virginia  in  1952  was  obtained  (Ref¬ 
erence  20),  In  thic  investigation  the  effect  of  varioui  fuselages, 
tail  sizes  and  tall  location  on  the  damping  moiuont  were  determined 
for  a  family  of  «lrpl.m»  conf igurations.  The  fuselages  v.'ot*®  bod^.t:c 
of  revolution  having  circular-arc  profiles  and  fineness  ratios  of 
5,  6,67)  arid  10,  However  this  fuselage  data  which  would  have  been 
very  useful  due  tc  the  L/D’s  investigated  does  not  agree  with  our 
'Airship  data  except  at  L^A)  ”  10,  This  is  no  doubt  due  to  the  dif¬ 
ference  in  shape  (circular  arcs  V.S.  ellipsoids)  and  aannot  be  util¬ 
ized  although  tvAJ  data  points  for  L/D  ■  ID  are  given  in  Pigrxre  5o 
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contribution. 

...  ,c.rcitv  Of  ,ubst.ntiatin,  a.t.  -er^th.^full  r^. 
of  hu.ll  f1nGno:-.3  r^v-ioa  oiaV.e  '  i^  -wra.. ^ 
nin''  th'^  fnost  proh-.'lfl  vaues  of  Cm.  or  nr  ‘  ‘‘ 

„d,h.  b.  expoct.,-1  ..ho  v.!..-.  of  tho  -icionts 

.pp,:-  to  incr„.,o  -Ath  !.;.- 

.V  -nopi*'-.  ♦h  t  t'lG  f'-.irnf’.  cu;-./e  of  rotary  tT.c;n'jnt.  -^nown.  in 
Fi?”"G  5  is  the  bG.-t  Gstinato  that  can  be  rvadu  for  .he  airship 
hull  contribution  to  the  rotar-y  darivativa.  Ho-raver, 
ba  no^ed  that  the  data  ia  scattered  and  even  a  norir.ont*-!  line 
of  (o;  c;/.  .;’r  fror.  L/D  -  to  L/D  =  9  na.;ht  represent  the 

variation  of  fne  hull  roUxj  luuuiont  derivative. 

2 ,  Tall  Contribution  to  P.otafy  effects 

Gonerallv  it  h".a  ^ntir.  conceded  in  the  paet  tlv-t  the  tall  conlfibution 
to  the  airehln  rotar*/  lift  could  be  calculated  with  reasonable  accur¬ 
acy.  Hov.'over‘,  after  vrorkln,:  vdth  none  of  the  data  it  bee 
that  there  was  still  niuch  to  bo  dosire>d  in  the  pr'}dictab..^ty  of  the 
tail  rotary  effects.  Since  thf.  ".oforence  1  and  2  data  had  rotary 
lift  and  sioir.'j'.t  values  for  seven  1  tyneo  of  t'dls  the  tail  oontrlbutions 
(inclucinr  th-’  hull-t  .il  interference)  i/«re  determined  from  the  meaB^- 
ed  dat..  and  compared  with  the  calcu’oted  values  derived  from  the  foUow- 
ing  sen’!— theoretical  o'luatloT.s j 
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-  isolated  lift-slope  o'*  tall  (Fi.pirc  p) 

-  tail  area  (incluolnc  hull  area  and  effect  of 
dihedral),  Ft^ 
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-  t«il  •ir'n,  C.f^.  flap  hin<»e  lin»;,  Ft 
T»0 

-  hiLl-tail  force  ^interference  factor  (Fi<^uro  3) 
r 

yt  -  hu'.'-tiil  'moment  interference  factor  (Fig’ore  U) 

Similar  e<:nation3  were  use!  for  Cy  and  Cj^  but  it  shouild  be  noted 
that  some  of  the  a!x)vc  parameters  vary  for  the  longitudinal  (pitch) 
and  Ititer  J.  (yav/)  cases®  The  above  equations  indicate  that  the 
rotary  lift  -jui  mouent  are  proportional  to  the  geometric  quantities 


VOL 


and 


respect! vely. 


Therefore  the  measured  slopes  of  hefer^nce  1  and  ?.  are  plotted  in 
Figure  6  ag.-iir.r.t  thr-se  not^-dimensional  parameters.  Also  3ho*,-m  in 
this  figure  is  the  ratio  of  the  measured  slopes,  evraluated  from 
rcefercnces  1  and  f,  to  the  calculated  slopes  obtained  from  the 
above  equations.  These  ratio .5  are  denoted  as  for  the  rotary 
lift  (or  sideforce)  and  A2  foi*  '’-he  rotary  moment  (pitching  or  yair- 
ing).  The  original  intent  -.•uo  to  include  all  of  the  avadlable  .alr- 
eliip  data  on  t  .ll~contr!!)  ;‘,ions  to  rotary  offefcts  in  such  a  plot 
but  tliia  in  not  .'woolblo  althin  Uie  scope  or  magnitude  of  this  con- 
tr.act.  The  'L.jor  reason  is  the  .lack  of  informc'ition  in  tho  old  re- 
portc  of  the  incjuded  hul].  area  o'*  the  various  models  .and  even 
readily  acces:-ir>la  data  as  to  •-.he  tcail-siaes  and  locations  from 
v/hich  thi-1  might  b*'  esa-lrvitod.  This  infor.uition  can  be  o’..'tained 
but  not  ’-d-thout  tlv  f?:cpendi  ou*"  of  considerable  research  and  effort. 
For  thee 8  reasons  only  the  deference  1  and  2  d.-ita  are  shown  in 
Figure  6,  Faired  lines  are  dra-.^  through  the  various  perainstars 
but  it  is  un^’ort’an  .te  that  these  testa  were  not  exactly  conducted 
for  evaliiatlng  f:uch  variatio  5.  If  the  tests  had  been  corvductod 
with  a  jr eater  variation  in  toil  size  and  for  Vr'j*iou3  hull-fineness 
ratio-.  vVariatio..  o:  .^t^)  more  exact  variations  of  the  tail  ro¬ 
tary  dorlvatlvec  „ith  the  geon.etric  parameters  could  be  obtained, 
.lorr.e  of  tho  scatter  in  FLjura  6  could  probably  be  reduced  and 
batter  cor.'’elatlo n  obtained  bet'-ffien  raeasurwi  and  calculated  Values 
by  1  re-evalr-.tlon  of  the  hull.-tail  interf orence  factors  and 
'Ih*  beyond  the  scojie  of  this  evaluation.  The  facwrs 

utilized  in  th  •  cfdculated  rotary  effects  were  obtainorl  .from  past 
correl-.tions  of  measured  and  theoretical  static  derivatives,  which 
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do  not  incluio  ij.]  of  the  recent  non-riTid  Airship  \'/lnh  tunnel  re¬ 
sults.  Spot  checks  of  the  applicability  of  these  past  correlations, 
>^ich  '.vere  based  mainly  on  rL’id  airship  data,  indicate  that  the 
values  of  rifpiros  3  and  U  .are  too  lo-r  uv.l  thus  better  correlation 
between  measured  and  calcul'‘ted  rotary  effects  could  be  obtained. 

Some  ro-eval  1  vtion  o:’  the  hull-tail  iriterference  factors  has  boon 
done  on  P;’e  13  of  Reference  31  but  ttis  data  has  not  biBicomparei 
with  other  recent  dat  .  and  has  been  uos<^  -vlthaut  proof  of  its  agree¬ 
ment  v/ith  other  dat  ■m"’  tho  varl ’.ble  parameters  ’'hi  ch  oxd-St. 

« 

However,  sinc^  the  -.eferonce  1  and  .?  data  are  not  broad  enough  in 
the  ran.-yc  or  variables  and  only  constitute  a  small  portion  of  the 
total  -drshie  rotary  deriv.itivo  iarorm-.tion  it  is  x"”  alt  that  a  cor¬ 
relation  shavinp  all  the  inforct-tion  would  be  bet-tor  for  the  esti¬ 
mation  of  rotary  effect.'.  Therefore,  the  correlations  of  tail  con- 
tributi.ar,':  ini’ iat  •  '  r  rocmat  ;!;'  '0  years  .ago  by  thi;'  contractor 
are  slice,  in  7i  par  >  7,  .It.'  '-dth  the  c;irr^'nt  2efer;nce  1  and  2  data. 

Figiire  7  plots  ahe  t;.l]  damnin'  factor-.,  .'xnd  d2,  as  a  function  of 
the  iiu  ]  finonear.  -  ,tlo.  The  dancvlri'  ''a-torc  *:-.'.'e  previo';.*0,y  been 
defined,  as  th  i  rati.o  ...f  ‘■  he  -le-tnu^ir!  rotary  effect  to  the  c  deulated 
or  th<>oreti-cal  rot  ..'y  '.‘ff'-ct.  .1  siyiificant  i-..e;r.  obeervod  from  this 

plot  is  t;'i'^>  1:1X0’  iif  feren-'”  in  -. 'yritn  ’ i.e  of  th.j  force  (d]_);ind 
nomeni  (d-i)  f-ictor  'r;  obthned  '’"o".  th  •  old  d.ita  irr!  the  ro]rifv«ly 
minor  T.ces  ir.  th  .le  factor. e  d-!ri'vs'  from  the  rec''nt  Referor.ca 


1  and 

d-itu, 

Ho’/e*/ 

e”,  part  of  t 

n  di-cr' 

tho  Hiture  of  t 

h«  oil 

I  ev'.  In.  r  ionc 

•-'hich  CP 

F^inc  1  'T, 

ly  th’ 

fln-il 

ir'vT.',  not 

able  --.n  ’ 

bee  .  IS 

e  th  ’ 

:■.  .;.Ti'y  •a*' 

Ml  '  •' 

ily  av.ii 

].able  : 

n  +,n- 

ubj  i  .'he  ’ 

ports  -  III 

not  Pa  P 

arfo  ri.e 

d  wd‘ 

iiin  tho  :.i:x  yd 

t'ld';  of 

6npha.'jiz 

th  '.t 

th'. 

tail  dumping 

.....  SJ  .  .)! 

ic  vari  .ble.e  are  not  rcad- 
h  ;i;'  d,,jtt;.'fnj.n  ition  could 


the  gaometric  ri-t'. os  utilized  in  Fi-;'ure  6  rather  than  hull  fine¬ 
ness  .r-itio  but  as  notpj  pr’vlou.ily  thi.s  wu'  ;iot  jiossible  .^t  this  time. 


Eval'j.’itinn  of  the  iloference  .1  .m  l  3  dat.i  indie  >t  ‘  that  for  all  tail 
confi  ^ur  itinn.n  th  ;  vsr.aye  dif  fer'^nca-  bet.ve.'n  do  and,  di  fro-^,  pitch 
dat<i  is  ne'li -i'ol--  (do/d^'-  1«00)  and  from  yaw  d at’  is  .appro  d'-uately 

IO5C  (d;;ydy 1.10).  T^his  co.';->.re'  -..ith  'in  'iver  i/go  d^/d  j  ratio  for 
the  other  old  d.-iti  nf  .ai  tyi-er  of  l..'.5o  .all  of  th-:  plotttyl  t’.il  damp¬ 
ing  force  factors  agr*.”  fairly  -.ell  md  h  iV.?  a  value  of  di  1.30. 


fairly  -.ell  md  h  iV.?  a  value  of  d^  1.30. 
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The  t-iil  daTnin.";  motnant  factors  plotted  in  Pii^nro  7  do  not  show  any 
' c ■•'nin  stent  p.=  *  torn  or  a'^re  -nerJ.,  It  is  the  .writers  opinion  that 
much  or'  the  old  rotary-  monent  data  obt  dnod  by  t’ne  oscillation  tech- 
nlnuo  ir  oF  ■■;uo''>ti'.')n”.  ila  val-'o  or  aorrec+jiass  -and  th  .t  the  l.arj^e 
diffar'nc'’  betvfoon  dg.  atvi  di  c  nnot  bo  satisractorily  expl/iined  or 
Ju3til'i“d  .at  this  ttne.  Allo-  V;’.  •  30  ;o  .foi  :ht  for  thi.a  data  it  is 
estix'ted  th-'t  tha  d.-,  factor  'd'h*-  bo  o-n\l  to  l.AO,  Th-rn  rri’iht  bo 
sono  V  ‘ria*'io".  of  thooo  ■^actora  -.'ith  f.lrayaosa  ratio  but  it  o.’.nnot  bo 
aocert  lined  'ro.ti  the  nreaont  '■Fat-.,  oxerpt  as  -ui  o<lucated  ^u<?3S  or 
suppo'iition,  Unt:  ].  '‘n-'thar  a^'Tort  la  eapondod  on  those  probl!?ms  it 
appo.a*''-  that  b-ist  val-ioa  ah'it  c.an  utilized  from  this  .analysis 
for  osti  atin'  rotary  darivitivon  ;’or  prosont  dav  airships  is  throt 
di  -  l.'^O  -.nd  dp  -  I'/.O. 

3o  Coauunts  ar/'  Ob-o^atior.s 


O’-h  ^r  1  \otri ''’itio'.r.  to  ^  urri  ’  Forcas  and  Morr.onts 

It  ha"  n'^r  "  Ir  •'■•‘■n  ar.a  j-'y'  t’T't  th''  rotary  of  -airship 

'r-'.r-  ,  ra-' •.ntTnar’  an--!  oth'--r  appurtont-ancos  have  llt*],e  or 
n-. -13  offoat  -in  ‘■ho  potar”-  ^Ift,  sidoforce,  and  ’nor.er.tSo 

This  has  not  'il-/ni,ya  be^n  .aiabat'-ntl  it^d  V.’  avvisl  tests  and  ospeoi- 
'illy  ao  in  th'  ror.ont  •'hir'',in~  ’.■*■0  tos'.s  o^*  p, 

?h aijo  '■.'«a*,s  ar  -  o'lotod  ainc?  the  eonfi  pj rations  t  asted  ar-a  those 
u'  ni  ■  -in  '•iO''’'’rr.  nan-ripid  airships  --diile  practically  all  othcjT 
d-',t  .  .i  ;  fo-  ri'l  l  -,ir::hi  os  -/ith  nuch  differ 'nt  car  or  -’ordo.la 
'’onfl'ur  loi'S,  Those  dat-  sho-.v  car  cor tributione  to  tho  rotary 
Idl'd  •.'•h''h  aro  oppo  lit  1  in  .-.ian  (dlrectior)  to  and  al.nost  70^  of 
tha  hull  O'  ntrlbution.  Hov'V'"',  the  a.-a  -  oo-,* •{/)  the  ro- 
tarv  ri -'■’f’-'roo  -'hiah  a! pot  ''■rpe':tfsl  to  b*’  aopreci.able  alt'iouph 
op  a  'lt'*  Ir,  -'ipn  1  i  only  .'^O  '3<)^  of  th-'  hull  contribution.  The 

dirf''r''nae  In  c..r  y-.i-r  nn--’  'i.tc'n  effect,  ■•hlc!'i  is  ©''"ouite  'Bo 
that  -‘n^ icip->.ted  iv-  pr-o''. I'ol;/  due  to  ihe  dlffer'.'rce  in  bare  hull 
rot'.r;'-  lift  ■’nd  nideforce  in  the  rot.vr;-’  1-ift  is  -•ip'^ro'dlnato- 

ly  lO-’  o"  aore  or?  *,or  t,h  n  ‘-h"  rotrLT;/  ri-ideforco  even  tho.:.ph  the 
’i-xdy  3  :  p-i .  +  a7an1r.trv.--l.  It  •;hou''d  also  be  noted  that  the 

rotor  -  l-lft  and  si-ii  a-a’*‘;r.i'r)u* ions  o*'  .l.ar/o  c.ar  and  a 

sv-  ’h  r  •  ('o-,'.  taoi--'-’  a-na  hull)  ha.’'''  ■'bo’it  'aqu-il.  Tho 

rot'O' ■  f  '•"■•’i'  c'-)  .f'r>uM  -n  ■  of  th’  a.m-a  .-j’''  t'OO  oT'.".':*n  to  'oe 
j''a':r'  ' ‘ '^•Ip  -'/a'' ’lat'd . 

.ano‘,h'*r  i‘. sn  tested  and  r^port-.-d  .in  Ileforr-ncor  1  and  .1  wr.:  the 
efre''t  of  a  Lar-’e  elliptic -’I  radome  (.lPG-2  type)  compared  to  a 
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Th^r'-'-forn,  r.inr..--  th^  c- '"*-,ribntior.  ir.  thz  '.rodo;''.j.n;cnt  factor 

in  '-h  •  I'r-''"' '  ■•  tl •)F  •  ror,-,.'/  t,  of  :*.n  rJLr  hi,  it  is 

vor-/  5~!or’  nl  'v*  ••  >1-'  '.o  •iccwrt.  i'.  it  ;r..'sL  ^.n*ob.'.bl'’  value 
’.•;i^h  til-*  "rs  itc.'t  icc  T-.c,/  po.vjLbl  .l.i.icd  or.  ihs  t..i],  d.vnping 
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Tiifj  .Ta-.ii.uu.i  V  i.-la -i'.>;,  i,  oiig  if- tail)  in  taat;nitudf»  of  the 

tail  ckjv.anl  dami-in^  factors,  do,  in  Fi<7ur^  6  at  the  sane  tail  .700- 

■  ^  -Lt  ' 

rn'  t.''\c  p:  r,;’i'  '  .r  ^  ^  i.;  aro-jiu  15%  with  an  approxi-Tiate' aY- 
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or^-;G  Ucyj..-tiur,  Jr.  .  thu  fair-.v.  >1:;*^  ii:  Giv  >rr'u;r  of  10  to  15%, 

T...  d  fV.'.  .tior.  1:',-  .•i;ht  00  rc,:cce..  by  a  rc- oval  nation  of  the 
fic  ,  In  i'i,;cr.  7  the  vari.  .ioi.  ii.  tno  t.dl  (ii'j::ient  danpin? 
f.w',::'  i.  ...ueh  rnr  seve.G.  Vhc  ita.cLUiUr-i  Variation,  I'l'on:  the  aseum- 
ec  '.a.a  v:.]  (i-  :f  dp  >  Ic  &li:;htly  ovor  50*^0  with  an  avera.sje 

di'Vt  ij-  V.I.:  a:  ro.<l.uatcly  .'.i  to  r5%o  As  noted 

a;'Ove  c  [.•c.vp...ly  .>•,  iutucfai  BOLiRwiiat  by  t  h®  use  of 
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<?3  th<*  cor’"®!  P’lrireter  md  b.y  th'-  T'  -gv  ilu.-' tion 


Oi  j.f,  ..Ico,  the  uu'3S.^i.u.-^ol  i  valic  of  so  r.e  of  the  olv3  oscillation 
1. ,ue  t..t  •.  .1.:,  yreriously  vuen  noted  and  iiartially  allowed  for 
in  ‘.h .  otjt'.c  luo  but  1:  ic  poosi.^le  thnt  sore  of  triio  data 

'  '  -’0'.,  ;  itnorod  o.-  far  .is  L'-iOcern  non-rigid  airshius 

ar-*  00  c-j.’ lol. 

In  •  jn:l  io  .ip,  .aro  til ■  t  -jvon  v/itiiii.  the  mr.‘;nitU'3e  of  the 

rroo  n.  in-.'.y.:.io  oao  ,u.ta  c.nd  cor .’olatinj-^  factors  orosented  in 
Fip  r-s  }  _.io  7  ■rj  J  allow  Ui-:  protliction  of  hia  rot-iry  lift  and 
sih-firdo  To.-  r-r  nion:,  n^nr-rioi  I  .iir.ihi,'S  vdthin  -10%  or  lass  but 
t;  pr-.flic  d j.  .;f  g,.  r-.-tary  ..ij,7ientr  uiiotit  or  aoi'e  inaccurate  'with 
po.  dols-  Riu'orj  as  ..i’h  15  or  20%,  I’he  rotj.r;.'  aoment.s,  it  is 

bulisvo  ,  •.-.•o.ila  prooaoly  oa  overestitofited  in  magnitude  rather  than 
and  er  e  ot  i;  iia  t  eu  o 
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V.  pnaPiuTioK  OF  AiliJtap  itJTAitr  D::fiiv»rrvt;a  (a-t^-fc-q-r-o) 

Although  the  ^voeent  analysis  of  airship  roicry  derlT.itlvea  (bnaod 
on  ourrently  nvnllable  test  data  finri  raporta)  is  not  o^^nsldered 
aufflclantly  co^pl•to  to  unequlvooaoly  at^tte  that  t  hey  have  been 
datemlnod,  It  ia  fait  tivtt  vclth  the  ublli%Atior.  of  the  data  and 
comonts  praaantad  in  thla  report  the  atate  of  the  art  han  boon 
advanaad  and  the  rotary  lift,  sidtforoa,  and  noiaentn  can  be  pro- 
diotod  with  grtMitar  oartalnty  than  h-v  prevloualy  been  aceomplish- 
-  ed. 

The  fo]lowln<;  method  ia  prasenbod  aci  the  boat  maana  doV'lopod 
undar  the  acopo  and  magnitude  of  thia  eontraot,  to  predlot  the 
rotary  -Uft,  aidtforce,  pltohing  nomont  and  yawing  no'nant. 

The  throe  baaie  aaouaiptlona  thnt  nuat  bo  eoneodod  arot 

(1)  The  hull  and  tail  roury  aontrlbutiona  oan  bo  dlreotly 
addad  aftor  their  inlividual  oontribution  ia  doterrsdnod, 

(2)  The  rotary  effecta  of  control  care,  radow  and  other  pro- 
tuberaneea  ia  nogli 'lalo, 

(?)  The  rotruT  lift  and  pitohing  nomont  dorivatlvoi  of  tho  hull 
aro  oqual  to  tho  hull  rotary  sidofofdd  and  yawinf  aoToont 
derivativea,  aa  aro  the  V«il  oontrlbutiona  except  for  any 
difforaneta  in  the  total  tail  area  involvod. 

Tho  first  atop  is  to  aaeortaln  tho  contribution  of  the  hull  to 
the  rotary  dorivativoa*  Thia  ia  aocpapliahod  eniiroly  on  the 
baaia  of  the  available  experimental  data  and  their  vailation  with 
the  hull  finonosa  ratio  as  given  In  Figure  $  of  thia  report*  Tho 
values  of  Cl.  and  Cm.  for  the  hull  or  anveiope  aro  read  fron  tho 
falrod  eurvev  at  th^appropriate  hull  rintnoaa  ratio*  Xn  thia 
diaouaaion  it  is  understood  that  oven  though  only  tho  longitudinal 
(or  pitching  velocity)  dorivativea  are  stated  the  ocpullty  of  the 
directional  (or  yawing  velocity}  dorivativea  ingjllas  their  valuoa 
are  equal  for  the  hull  and  for  the  tall  as  long  as  the  total  tall 
areas  and  tall  nonent  arras  in  pitch  and  yaw  romaln  the  eano  (in¬ 
cluding  dihodral  effects)* 
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Th«  prarilctlon  of  *ho  toll  contribution  to  thi  rotary  dorlvatlvos 
la  baa «d  on  tho  prmvloualy  dot'inad  •f^uation  for  tba  thooretical 
rotary  effecta  plua  tha  oorrel  >tine  dumping  factors  ttlvni  In 
Flours  7  SB  bopi  fstlmstss  Liasd  on  available  dstst 

Tha  folio ^n(';  aq\.kations  yield  tha  rotary  UiH  and  Mment  eontrl- 
butiona  of  thn  airnhip  tail. 


(Cr  )  ■  liiolatttd  tail  Uf-^lepe  bsaod  on  theory  and 

^  ^  •xportJtent  (Plgupt  2) 

"  Total  tall  area  (inoludlty  of  dlhodral 

and  Inoludad-hull  araa)*i  Ft" 

•  Tail  anil  C*B.  to  flap  hinge  Una,  ft 

*  Hull-tall  feres  intarfarenoe  factor  (Figure  3) 

Vff  ■  KuU-tall  noMt  int«rfaranea  factor  (Figure  U) 
d;[  •  Tail  forea  daaping  factor  (Figure  7) 

"  Tall  flonant  danping  factor  -(Figure  7) 

*Metai  The  general  aquation  nornally  vould  have  a  dihadr'il 
engle  funotlon  (eos^f*)  aa  an  integral  part  of  the 
aquation,  ainoa  noat  oDdam  non-rigid  airships  hare 
tall  configurations  other  than  the  eonrentlonal  erueifora 
arrangemant  (-f).  Homrer,  alnee  the  dlhadral  function  la 
oDdlfiod  for  an  linrartdd  T-tall  configur  itlon  it  lo  aora 
oonvahlant  to  ineluda  the  dlhadir  tl  eorraetlon  In  the  value 
df  ehlch  also  includas  ahy  variation  in  na^  ad  tail  araas 
dus  to  non-aloilarity  of  tho  .7,  J  or  4  tall  surfacea  inyol 
-  va^,  which  i^ght  differ 
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1  -JL_  ,  \ 

V  71/3  '■ 


whoTf’i 

(Ct  )  ■  .'.25  At  A«p«ct  Ratio  •  1,67 

%  "  A33U  (ine  udlfMi  ciihadr'd  affsots  nnd  hull) 

.  *  179.5  Ft 

Vol  ■  ijUDjiOfly 


q  Uil  itef,  :>:? 


i,Xbl,Q6S 


1.193/rad 


£Lq£aQi.injto,^ 


t  ^ 
VCL 


ili-rij  lil  v  d  i'jt  lAOopt  and  ar«j  ijAv^n  proviyualy 
and  ara  dottliMd  from  Plquras  3  and  7  r*st><tetiv«ly  of 
this  raporl  and  navo  ainroxlamlo  v.'dyo«  ofi 


Vp  •  ,50  ;it  Sj/^r  “  ./♦O 

dj  ■  1.30  sn  V/D  -  kklQ 


-L 

1  tai 

;  tail 


^596  )  X  1.30 
.  » 
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3,  Tot  :1  .J  ft. 

Rcfcu'  r>:  ^iv^s  (Cl  ■,  “  1.19Vrad 

Tho  pi-Lsent  rta'.lyr.i^  ^^L-^i^ot-tl  " 


(CL). 


'  Vh^l  ^"^^tail 
(C;  )  -  .17  >  .775  -  .%5/rad 

LO^,al 


Th  ••  Uofaroncp  72  tot<!.l  rotary  lift  derivative  in  approximate¬ 
ly'  15  p.Tc-'rtt  '.i  .’■h.,*r  Civ.n  ‘.h-i obtiinv^d  by  the  method  and  values 
y.lvua  In  tlili!  iv,  art.  iiovz-ivor,  tnure  are  some  details  v;hich 
reouir  )  clarii’i :  •tior. .  on-  of  these  is  the  use  and  value  of 
f/p.  Th-j  .’Utlior  co:r.enHs  that  it  i.s  improper  and  wrong  to  esti¬ 
mate  ro*,ai*y  effects  b.a30d  oiy  th-?  isolated  tail  lift-slope  with¬ 
out  lnc:'i'!ir..:  the  ’.ra':.'' -tall  interference  fuctor  (  p).  This 

f factor  is  utilireo  in  *{ef^.r'?nce  2.i  lor  the  static  tail  lift 
deriv'itivo  oou  -tion.  This  then,  brin^.s  up  the  question  of  the 
correct  value  to  bo  used  since  deference  gives  ^  p  •  <>67^ 
and  Figure  3  gives  .50.  The  Reference  22  value  for  p 

is  derived  ft’or.  .•.eferenc'',  21  data  and  has  not  been  verified  or 
correlated  .vith  other  -.odern  -lirship  data,  ■is  an  ex;in?)le  of 
possible  differences  the  values  of  'Tp  in  pitch  and  yaw  for  an 
A-tail  ■•/ere  dete-nal'.ed  from  Reference  1  and  2  data  to  be  ap- 
nro  fitvitely  O.fR  and  0,6?>,  respectively.  The  t-vvo  values  of 
p  ( »o”  inc  .5f)  were  deterinined  fro."^  raod*’]  tests  conducted  on 
practic  iliy  Identical  full-sc  -le  configura* i^ns  of  an  X-tail 
•oorli 'ur..tio.r  in  ,'itch.  If  Values  of  -'  ‘p  ■  ,67  and  ,  58  were 
use'  ui  the  prasu-.t  analysis  of  the  t-aij.  contri'oution  to  the 
rotarv'  ].iz"t  they  would  yield  (Cl  ^Al.ues  of  1.038/rad  and 

(J.90/r:tri,  reapfjcti vuly.  These  ?i.?e"noi  comi’letely  vjilld  though 
b>;c r.u.eo  ■..•h  iiv’inr  *.h“  v;ilue  of  ’  p  would  prooably'  (if  done  for 
all  av-, liable  data)  lower  the  v.vl.u<^  of  the  t.‘.il  force  damping 
■:\c.<n-  (dj_).  It  ay,  -uru  /.Mt  the  i.et  effect  of  changes  in  'p 
■  iTiTi  a 2^ might  be  nmaLl  ,  ilthou.gh  this  i:s  [,ot  completely  sub- 
■.t  .i  ciau  -d,  Tr;'i  ':■•  ■•fei-nt  ui-ly-is  in  thu  case  considered 
(...t-j;  Ai'-s-.i.  )  ,vn  nlin  res'jit  in  a  tot:l  rotary  lift 
d er.i.  V! 1 ’/'>  To  ■  •:•  ' ')■  r  ■>!s1y  e-itiTatecj  in  Pweforence  22o 
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B.  PRIDICTSD  PirCHIK':,  m.LNT  DU^  TO  i’ 
Derivati  vg} 


ITCHI!<1  V.-^LOCITY  (iLotarv  Mon^nt 


lo  nnvolope  or  Hull 


a.  .ieffjrence  ?2  Prediction 

C. 


21,6 


hull  PJ2 


-  -.19/rad 


b„  IVeaent  Ana].ysi3 

From  Fi^uro  5  at  L/d  "  4.70  we  obtain: 


'ra 


q  hull 


=  -.?0/rad 


2»  Tail  Contribution 

a.  2>oferc.nci'j  22  Prediction 

Or. 

•q  tail  Ref. 22 


t  ^ 


'  t6 


Om 


R3f.22 


V  (VOL) 

-  2,21  U330)  (179.5)^ 
1,465,000  (113.6) 


•  V 


l.G8F/rad 


b.  Praaent  /viuil/sls 

C. 


'ra 


q  tail 


V  V3 


«2 


*  .40  (:'rom  Fi^’uro  .'*) 

d',  "  1.60  (rron  r’i.^uro  7  or  thi:3  te)ct) 
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2.25  (4330)  (179.5)^  (.40).  .  i.60 

16/ ,626,000  ' 

.755  X  1.60 


yCj.  '  =*  -  1.208/rad 

■  /  tall 

3*  Total  Rotary  Moment 

t 

(^1.'.  ).  ,  ,  (^Eft  ^  u  n  *  ^  fo'SI 

q  to tax  q  hull  q  tall 

Heferonco  22  f^ives:  (Cb,  )  =  -.19  *  (-1.888)  »  -2.0? S/rad 

toVil 

Present  Anal,, -sis  Gives:  (C™  )  ■  -.20  ♦  (-1»208)  •  -1,408/rad 

q  total 


Tho  tot.ll  rotary  pitching  moment  derivative  predicted  by  ilefer- 
ence  22  is  almost  50^  hi-»her  than  that  obtained  by  the  present 
ana  yais.  The  same  arguments  concerrdnq  for  the  lift,  apply 
to  the  moment  factor  (  n)  useil  herein,  fteierence  22  •'^ivos 
■  .54  a.s  derived  from  Reference  21  data  while  Reference  1  and 
2  data  yield  Vilucs  of  approximately  .51  in  pitch  and  .40  in 
yawo  As  noted  before  the  value  of  dj>  is  directly  dependent  on 
the  Talue  of  but  the  reader  is  asked  to  recall  that  in  the 
evaluation  of  do  frou  data  of  liofcrence  1  and  2  there  appeared 
00  be  much  smaller  Viilues  of  6.2  with  other  avail»-ble 

dat  i.  Therefore,  based  on  the  latest  modern  norvri^id  airship 
data  the  v,ilue  of  d^  *  1.60  ni.ijht  be  too  high  without  any  change 
in  ^.'y.  Bcised  on  all  considerations  involved  it  is  readily 
-.p'por  jnt  o.iao  the  present  .analysis,  or  any  additioi.ol  revisions 
to  it,  'would  probably  predict  rotary  moment  derivative.?  that 
are  significantly  lower  han  those  determined  by  the  method 
utili'xed  in  Referei»ce  22. 
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VI  VAUlAriJH  OK  .HOTAIIY  DERIVATIVK3  '.yCTH  ATTACK  /JNGUUX  Vr.LXII'Y. 

m  FLAP  l.ii-J’L.GTIQN 

In  any  stuiy  involvins^  the  .malysls  of  the  airships  notion  other 
than  that  in  str^iigjht  pitched  flight  or  under  the  effects  of  3:n.all 
disturbances  it  1::  necessary  to  know  the  effect  of  angles  of  attack, 
flap  deflection,  and  angular  velocities  greater  or  less  than  those 
near  zero. 

Experimental  data  obtained  the  oscillation  technique  is  generally 
considered  inadequate  for  attack  angles  other  than  zero  and  since 
most  of  these  dati  did  not  even  measure  the  rotary  moment  derivative 
at  angles  of  attack  these  data  are  ignored.  Although  the  curved 
model  tests  conducted  in  the  past  included  tests  over  a  fairly  wide 
attack  angle  and  flap  doflection  range  they  were  mostly  conducted  on 
rigid  airship  rnodels,  vdiich  have  somewhat  different  aerodynamic  char¬ 
acteristics  comp<ared  to  modern  non-rigid  airships,  and  -.^re  usually 
built  to  curvatures  ^vhich  represented  quite  moderate  C’urvilincar 
motion  or  turning  circles.  In  addition,  there  still  exists  some 
doubt  as  to  the  validity  of  the  application  of  those  data  to  curva¬ 
tures,  or  anr'ular  velocities  very  much  different  than  those  to  which 
the  particular  model  was  constimicted. 

Therefore,  it  appears  that  it  would  bo  necessary  to  depend  on  rotary 
data  obtained  by  whirling  am  test:i  to  evaluate  the  effect  of  angle 
of  attacks,  flap  deflections  and  angul^ir  veloci'vies  other  than  zero. 
The  only  tests  conducted  with  variable  angular  velocity  (i»o.  turn¬ 
ing  r»dii)  are  those  reported  in  ileferonces  1  and  2.  2ince  consider¬ 
able  effort  was  expended  in  the  basic  correlation  and  dotermin-ition 
of  the  rotary  derivatives  at  or  near  zero  attack  angle  .•.nd  angular 
velocity  it  will  not  be  possible  to  present  a  detailed  analysis  of 
these  data  within  the  magnitude  of  this  contract.  However,  a  f ew 
general  coiaments  are  in  order  since  these  are  essentially  the  only 
data  by  v/hich  the  variation  of  the  rotary  derivatives  v.lth  angle  of 
attack  flap  deflection  and  anjjular  velocity  can  be  determined. 

It  is  not  possible  at  this  time  to  separate  the  tail  alone  contri¬ 
butions  so  the  following  comments  apply  to  the  complete  configurations 
tested,  Hull  Car  +  Tail,  The  angular  velocities  in  Reference  1 
and  2  are  e>q5r853gd  in  the  no  rr- dimensional  form  of:  o'"  0  with 
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a  rrirr*'^  of  v/iluoa  tosted  Trotn  q*  “  “  .078  to  — ,if00  which- corre— 

spcjnd  to  a  raa'o  of  il/L  from  1?,82  to  respectively.  Gener- 

iiil;:.’'  ‘.h.-  rotary  li.ft  c’erivatives  --’.ppuar  f;drly  linear  (for  2;.''h 


.’OO 


ind-lvi''ira  :rt)d,.l  conOi  yir-ition)  vrl'h  rnsp-ct  to  ar-'T'’3_^ur 

to  at  ]  :2a«t  -‘3*,  rli~encionlesi!  an-iular  velocities  up  to  y’  “ 

(;-:/L  -  t.O)  as.  !  fl  ip  defloctions  vp  to  a':x3’;t  -.10*.  Th‘;  rotary 
nltchin,';  moment  derivatives  are  on-iy  linear  for  anyle?  of  attack  of 
-1* ,  dimension! 033  anyula^  velocities  only  up  to  q'  »  .1,  and  flap 
deflecti'.-v  up  to  -10  or  -It".  Of  .co  irse  th-.‘  r  jsy, ;  of  Linearity 
varios  .a  little  •.ith  each  conf i:ur itio.n  and  the  H-tail  confi-ajn.tion 
la  pr  ictl'Ml ly  line'J’  thi'oayhotit  tha  a  and  o*  rsnye  inv’jotiyatcv!. 
.‘joyond  the  lini.:ar  .'‘aiv’e.s  t!ie  derivativ  or  slopes  v-arjr''  sLynificant— 
Ij’  v.ith  ‘■-ho  -’Teatoat  ch;.nup.3S  occv;rin.y  at  th'>  hiqhost  a  and  q'  values. 
;ier  \r':nco  ?.  data  a!  ■•)  in-iic-i' --js  appro  d."' it ely  th-e  -o-a:V3  r;in;e  of 
linearity  for  tii,  yr.v  rotary  dcriv  itive.”  witii  :.li-;lit  tend-oncy  for 
•riT.  e.;tci..;ion  of  the  rar-ye  wi'.h  respect  to  ar.jje  of  a.ttack. 


Thej’cfore  si.'.ci?  a  riodem  airshi”  will  usually  have  a  r.’iniinum  tl/L  « 
1.0  (q*  -  .500)  it  appears  th<  t  a  laryo  portion  of  airJihip  notion 
ar«ilj’’3es  woa]-d  be  conducted  in  the  non-lino.'t'  runi^y-'  of  the  rotary 
dcrivativen.  Thus  a  f'.U'thor  o.ctension  or  analysis  of  the  Reference 
1  and  2  data  is  desirable  but  not  vdthLn  the  scope  of  this  report. 

It  i"  the  authors  oiiinion  that  the  Reference  1  and  2  date  c.jn  be 
u^.ili'^.cd  -.ith  rea"cu--bl?  confidcnc''  to  obUin  tho  rotary  derivatives 
beyond  their  lin«v.r  ranyo  (snutll  disturbajxn.s)  and  are  tlic  only 
satisfactory  data  ■iV.iLiblo  at  this  tine. 
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VII  cwi:glp:i..  i  a?:d  r'::;o::::i:datioi's 

Of  the  four  e>c{3trincnt ’1  mefnods  iitilir.ed  tx  obtain  airship  rotai’y 
derivatives,  the  wl.irliny  a.-m  techni-pac  and  the  method  of  curved 
or  bov;ed  rrodels  app-aar  to  offer  the  boc*-  re-sult-s.  The  meayor  iunount 
of  eat.i  obtainod  with  these  metliods  witli  some  of  t!v;  aorodynanv- 

ic  or..-i3  ly.or  data  foms  'the  basis  for  the  co' liinod  theoretical- 
empirical  :rkft;’iOd  developed  to  predict  the  rotary  deriv.ativss  of  air¬ 
ships. 

It  i:'  gssuc.’-d  ii,  ,?vc]ojiiPia  li"  rotary  derivative  n''thodrv].o,yj'’  that 
th".  hu''l  and  '-'.1.!  co  ntributloi  c  c  .n  b'-  -added  t.o  naoh  oal.er  -n-l  '.li.at 
the  rotary  derj  vatives  are  equal  in  nitcli  and  yaw  as  Ion:’,  as  the 
f'eornetric  paravotorr  rem.ain  appro xiniatoly  the  same.  The  prediction 
of  the  hull  conariaution  is  detenained  strictly  fro.'c  experimental 
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d^'^i  -.'hilp  Mr-  t  il  •''■'ntribUoion  is  d'lt^r’^.inc'd  fror*  an  an.’. lysis 
•nii  i.'.'iv.'i'  .  0“  so:' rola  tin  ;  f.istors  bisei  0:1  e>C’-'irTont.il  data 
anii  a  o<^u  tinn  ./h;‘.ch  conbir.os  thor-e  factoi’s  with  the  tnooretical 
ip:-’roac!\, 

Thr;  nasho  !  h’v.-'op-*'  predict  tru?  air-jhlp  ros'isp  lift  (or  sije- 
forr’c)  in'l  pit  :.nr'  -  (o;*  y.r.wi'-.,)  r.o -.-ir.t  L.  bcli  to  be  loro  rigor¬ 
ous  ir.d  ] 'ostl liable  t'l'in  tho-u  u  .lJiz  i-h  iruvio  jily  in.i  in  5.o  ao  cases 
■./oalri  (p.irti  -ularly  ro!.,-i;'y  ; : .  ,.;n  , •’)  ir  'ic  ite  siynii'icant  di  ff  erencos 
ir.  t''.  ■  pr..-’d.lc’ to i  ."::o  rn  ai.u’  i  rertn'ro:  to  ''■.•cti.'.i:-.  V  o.C 
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The  purpooe  of  t.ho  reconriencJatioiL?  O'jt.lin.'d  heroin  is  to  resolve 
discrepancies  in  ',;x.i.:i:.ir.r  data  and  to  provide  a  more  accurate  de- 
terrainition  of  the  rotary  effects  on  an  airship  or  similar  body. 

The  method  evolved  in  this  report  is  an  improvement  but  leaves 
much  to  bo  desired  for  a  more  accurate  appraisal  of  the  subject 
nutter. 

The  determin -tion  of  a  method  to  predict  or  define  airship  rotary 
dorlVtitives  ifl Phase  I  of  the  contractor e  proposal  to  "Conduct 
Analysis  and  Model  fasts  to  Improve  the  Yadictability  of  Airship 
Plying  Characteristics",  and  the  contractor  was  granted  the  present 
contract  for  this  Phase.  Phase  II  consists  of  the  e:cperlmontal  de¬ 
termination  of  the  additional  mass  and  moment  of  inertia.  Phase 
III  •.oul.d  utili.',o  the  ird*orra?ition  obtiined  in  the  previous  phases, 
in  conjunction  -dth  static  aerodjuiamic  characteristics,  to  compare 
the  mctlcn  of  .in  airship  as  obtained  from  analog  computer  sol'itionr. 
of  ecuritions  of  motior.  '.<ith  the  motion  of  an  air.ship  as  neeourod 
during  flight  tests. 

If  it  is  agreed  th-at  the  method  presented  in  this  report  for  pre¬ 
dicting  the  rotar?.^  derivatives  for  smal]  disturbances  or  imotiono 
is  adequate  vrithout  further  refinement,  tests,  or  an.-'.-lyses  and 
that  the  reference  1  and  2  rotary  data  for  variois  angles  of 
attack  and  angular  velocities  ar-  su.''fic  ;.ently  reliable  and  accurate, 

(Th  :  author  has  previously  stated  th^t  they  ars  believed  to  be 
tho  only  rnlLab.le  data  which  car  bo  utilised),  t’ho  contractor  i/ould 
then  fefJl  t-h-ut  ho  is  prepared  to  enter  Phase  II  tests  and  preparat.- 
ic'  for  Phase  III  computer  pro:gr.:im:r.in  It  has  seen  noted  in  this 
analysis  thit  v/ithi  additional  effort  or  tests,  better  rotary  deri¬ 
vative  data  foight  be  obtained  out  it  is  also  true  that  the  rotary 
derivative  data  pronontei  are  sufficient  to  provide  acceptable  In- 
fonaation  for  Phase  III,  Some  additional  anal^^^sea  .might  be  conducted 
during  Phase  III  to  Lmprove  the  data  but  it  mi,ght  be  pointed  out 
that  the  computer  V’lues  utUir.ed  can  be  reiidily  cliargeti  d'oring  the 
analog  computer  oper  ation  in  onier  to  satisfy  the  computer  oqU-utions 
devcioped  and  th-  ;Ty)lion  of  th-  -iraul^ted  airuhip.  Tlds  latter  pro¬ 
cess  iu  esf  ant.l  illy  a  trial  .-ind  ;rror  detemin  -i-on  of  par.^moters 
that  Satisfy  bn-  Oiai.itlpnu  of  notion  .nd  'Aoul.d  rr-sult  in  data  that 
could  be  to  correlate  e:dLsting  datt:.  The  cc.vjviter  trial  and 

error  tecuni  'uei.  .;v,v''d  oaaanM  .lly  serve  as  a  vori/taation  (or  re- 
outtal)  of  rot:\.r  r  dariv.-.tiv  »3  predicted  by  the  method  outlined 
in  thi  j  r  gjor't  or  co  J.d  indicate  pussiblo  areas  of  discrepanoieso 
Fh'-’refore  it  i o-'jieved  th-.t  v.ork  uhould  coni'ienco  is  soon  as 
poasit-l  .■  on  I'iL'j,  e  IT  and  III  of  tiiu  contractors  pro.osal 
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